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WELDING APPARATUS 



The present invention relates to a welding app^atlM *r 
comprising a welding unit, a work-table for supporting 
the workpieces to be welded together, and clamping meai^ 
for clamping the workpieces to the work-table in the ^ 
5 direction towards one another during the welding oper^ 
tion. 

The welding method chosen to weld the workpieces -j. 
together depends among other things on the material of >M 
the workpieces. When the workpieces are manufactured frojji 

10 aluminium, aluminium alloys, magnesium, magnesium alloys, 
zinc, zinc alloys or copper, the friction stir welding . 
method is used to an increasing extent . When on the othe^ 
hand they are manufactured from steel, or stainless 
steel, fusion welding in the form of laser welding is^ 

IS used to an increasing extent, particularly in the casej^ 
thin workpieces, i.e. having a thickness less than 2 g^mjSf 

The definition friction stir welding designates^ 
welding method according to which the workpieces to be;| 
joined together are plasticized along their joint 1M^^ 

20 supply of frictional heat from a rotating welding probed 
said probe being supported on a welding head that moves ? ^ 
the probe along the joint between the workpieces while, ..^g 
the same time the probe is pressed against the work- 
pieces . As described in WO93/10935 and W095/26254 the 

25 welding probe should be manufactured from a material: 
is harder than the workpieces, and during the weld|n< 
operation the workpieces should be securely fixed 
relative to one another and to the work-table. In this* 
respect this technique differs from that of conventrija 

3 0 friction welding according to which the frictional heat? 

is generated by the relative motion of the workpieces as| 

they Arc bein^ paressocl together, i.e. the frictional hea£' 
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is generated only by the two components to be joined 
together. The configuration of the welding probe is |pf 
conditioned e.g. by the material to be welded and by tfe^ ; 
intended application. 
5 The definition fusion welding as used herein desigff 

nates a welding method according to which the workpiece^ 
to be joined together are fused along their joint line by 
supply of external energy. Laser welding is a particular^ 
ly interesting fusion welding technique according to ^ 

10 which laser light emitted from a high-energy laser, such 
as an Nd:YAG laser or a gas laser, causes the fusion. KSSs 
example welding equipment of the kind described in tfte 
article "An introduction to the technology and its 
applications'' in the publication ''Sheet Metal Industrar^g 

15 (May 1995) could be used, in which case the laser &d'{& 

mounted on a laser head. ^ 

Friction stir welding is particularly suitable for 
welding together aluminium profile sections to produce 
large aluminium panels, for example of the kind intend^Lj^ 

20 for ship hulls- The reason therefor is that this method^ 1 
produces a welded joint the bottom face of which has a 
smooth and even surface finish with resulting few spdif 
of load concentration. In addition, when this joinings 
method is used, the strength of the joint is almost 

25 to that of the basic material. Owing to the consideilatii^ 
forces acting on the workpieces during the welding ^ 
proper, the requirements are strict, however, as regards]? 
work-table stability and the ability of the clamping 
means to fix the workpieces. ' ^* lf 

2 0 In addition, this welding method can be used only 

join together workpieces that are separated by a very 
narrow air gap. Should the air gap exceed this critical 
value, a value which among other things depends on €i|| 
sheet thickness of the profile sections, the resulting 

3 5 welded joint is formed with internal cavities and has > |p 

impaired strength. As a result, extruded aluminium, ; * 
profile sections, whicn cannot ne produced to exactly * 
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precise dimensions by means of current manufacturing 
methods, need to be subjected to some preparatory 
treatment in order to avoid too large gaps between the 
profile sections. This is particularly important when 
S long profile sections are to be joined together, as in. 
this case also small changes in shape may give rise to 
unacceptable deviations. 

Considering that changes in the profile section 
shape may occur also during the very friction stir 
10 welding operation, because the sections are exposed to 
heat, the dimensions of the end product may fail to be 
within the acceptable tolerance range, despite the P re T 
treatment of the profile sections. Changes in shape 
however, less serious in the case of MIG and TIG wel'd3?rj^ 
15 since the temperature never reaches the fusing points*? 

Another consequence of the critical air gap size 
that the worJcpieces must not move relative to one 
another, once they are fixed in the correct welding 
position, i.e. the requirements are strict also on the 
20 ability of the clamping means to immobilise the work- 
pieces. Since the welding probe must be in contact with*| 
both workpieces during the welding, also the requirement^ 
on the running accuracy of the welding head are severe^ 

In laser welding, on the other hand, it is iraportfjjg 
25 that throughout the welding the laser welding head || 
assumes a position midway between the workpieces td*jSe, 
joined together. As a result, severe demands are p<M 
on the running accuracy of the laser welding head. 8$tiW'* 
the laser beam of a laser welding head is very narro^ ^ 
30 the joint, i.e. the air gap between the workpieces prior 5 
to welding, must have a width in the range of 0 to °- 5 ^ 
mm. To ensure that the width of the joint does not exc^ 
the above value it may, just like in the case of frietjig| 
stir welding, be necessary to treat the workpieces *>®fg| 
35 performing the laser welding. To avoid too large gap^ 
widths during the welding operation proper it is of.^, 
course also important tnac the workpieoos "^i^^ 
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fixed in the same position throughout the welding, i.e. 
the .clamping means must possess satisfactory immobilising 
ability- In the case of joint widths outside the above 
range supplementary material must be added to the jointj 
5 or else the laser welding head be oscillated backwards 

and forwards across the joint, necessitating more corapjgg 
and therefore more expensive laser welding equipment. 

To satisfy the above criteria it 1b necessary, both! 
in the case of friction stir welding and fusion welding! 

10 particularly in laser welding, to use complex and cori-^ 
sequently expensive welding apparatuses. This is seen fepj* 
be a serious problem by those industries that wish to be 
able to produce high-precision welded joints to weld 
together workpieces manufactured from aluminium or steiil 

15 while using the above welding methods without too heavy^j 
investment costs. 

The object of the present invention thus is to maKSj 
it possible for these industries to weld together alumin 
ium as well as steel workpieces while using the above, , 

20 welding methods without utilising complex and conseguen^ 
ly expensive welding apparatuses . j^f 

This object is achieved in accordance with the 
teachings of the present invention by means of a welding^ 
apparatus of the kind defined in the introduction and 

2 5 which is characterised in, that its welding unit: compri*se|g 

both a friction stir welding head and a fusion weldingj 
head. 

Because the apparatus comprises both a f rictioriWsji 
welding head and a fusion welding head the same work- 

3 0 table and clamping means may be used for both welding # 

methods, a feature which obviously reduces the costs 
considerably compared with the use of two separate wel<3§ 
ing apparatuses, which is the only existing possibility 
today- In view of the particularly severe requirements ^oriv 
3 5 running accuracy and stability imposed by laser welding 
the invention is especially advantageous inasmuch as tiSj| 
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fusion welding is in the form of laser welding/ i.e. the 
fusion welding head is a laser welding head. T: 

The welding apparatus may also comprise a milling 
unit. Owing to the provision of such a unit it becomes 
5 possible to perform milling operations both prior to 
and/or after each individual welding operation, which 
ensures that the individual workpieces as well as the 
resulting product are within the acceptable tolerance 
ranges without having to be subjected to any external 

10 pre- or post -treatments- The milling operation will mak«| 
the workpieces sufficiently straight to ensure that tr&4 
air gaps between them will not exceed the value at wh±cl| 
deficient welded joints are produced. 

The milling unit may be a milling head which is 

15 separate from the friction stir welding head. The milling 
unit could also consist of the friction stir welding hesd*|| 
which is equipped with a milling tool- Finally, the nail^j 
ing unit could consist of a milling head which is sep- 
arate from the friction stir welding head, and of the 

20 friction stir welding head which is equipped with a ^ 
milling tool. In the latter case it thus becomes P#SX 
sible, in one and the same apparatus, to subject the 
workpiece edges to be joined together to milling p*i£f 
the welding proper and to mill the welded resulting joittp 

25 after the welding, without using any external pre- or 

post -treatment unit. r- $v 

The work-table of the welding apparatus may comprifigg 
at least one backing to which each one of the workpiec^ 
is clamped by means of a separate clamping means, in 

3 0 accordance with this embodiment, the backing consisfcs&l^ 
at least two parts which are arranged for movement^ 
relative to one another* A workpiece may be clamped i*h 
the same position between its associated clamping nieanp 
and its associate backing part during the milling and t?f?p 

3 5 friction stir welding operations- Owing to this arrange- 
ment, a high-quality friction stir welded joint is pro-^ ; 
duced. In the case of milling and laser weldins, on the^ 
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other hand, each workpiece could be clamped in the same^g 
position between its associated clamping means and its ^«| 
associated backing part. Owing to this arrangement a 
high-quality laser welded joint is produced. f|p 
5 The invention will be described in closer detail ii|l 

the following with reference to the accompanying 
drawings, which for exemplifying purposes show different 
embodiments of a welding apparatus in accordance with the, 
invention and wherein: 
10 Fig- 1 is a view from the front of a first embodi^ 

ment of the welding apparatus. 

Fig. 2 is a cross-sectional view of the welding 
apparatus taken along line.II-II of Fig. l. 

Figs 3a and 3b are enlarged fragmentary viewsf^f 
15 the welding apparatus of Fig. 2, showing the welding 

apparatus in the friction stir welding position and thej^f 
laser welding position, respectively. 

Figs 4a and 4c are views corresponding to Figs 3a 
and 3b but showing a second embodiment of the welding 
20 apparatus whereas Fig. 4b is a view of the welding 
apparatus assuming its milling position. 

Fig. 5 is a front view of the welding apparatus "iS 
accordance with a third embodiment. 

The welding apparatus . ^ ^illustrated in Figs 
2 5 is intended for welding two workpieces 2 and 3 toget£j|ep| 
such as aluminium profile sections or steel plates, tb J 
form a intermediate or final product, such as an alumiri^ 
ium of steel panel . The device comprises a work-table 4^ ^ 
an upper machine frame 5 supported on the work-table, 



30 





a welding unit 6- In the subject case the work-table 
consists of a stationary, stable and horizontal machiigS 
table 7 on which a backing 8 is stationarily mounteeggMB 
machine frame 5 consists of an outer pair of beams Si^^p 
9b and an inner pair of beams 10a and 10b, the beam^fi^^ 
3 5 and 10b of the inner pair being connected to the ^^^J^ 
and lb, respectively, of the outer pair by means <> f f|^g 
connections, not shown, provided ac une respective 
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beam ends. The beams 9a and 9b of the outer pair are ailgj 
interconnected by means of a yoke 11 and rest on the 
machine table 7 by means of two pillars 12a and 12b eag 
positioned at the outer ends of the beams. 

In this embodiment the welding unit 6 consist##i£* 
friction stir welding head 13 and a laser welding head 
14. As appears from Fig. 1, the two heads are mounted 
the same carriage 15 which is disposed on the inner pair? 
of beams 10a and 10b for movement thereon. The carriage 
15 is displaced along the joint line between the work- 
pieces by means of a drive, unit, such as a motor, not 
shown. 

The friction stir welding head 13 is fitted with j| 
guide mechanism, not shown, and, as appears from 
and 3b, with a welding probe 16 consisting of a £ ^§^BT 
conical body 16a and a pin 16b joined thereto, and*4u3^gif 
the welding operation, said pin is are positioned 
the workpieces in contact with the edges thereof to be 
joined together. The upper part of the probe body is 
connected to a rotating spindle 17 which is driven by a 
drive unit, such as a drive motor, not shown. The body 
and pin of the welding probe could be configured e.g ^ 
conformity with the embodiments illustrated in WO93/3.0^g 
or in W095/26254. ,^ 

The laser welding head 14 is equipped with aJ0?||i||| 
unit 18, shown in Figs 3b and 4c, and with a joints^ra^ 
ing device, not shown. The laser unit is supplied 
laser light from an Nd = YAG laser of the type illusC#a#^ 
in the article "An introduction to the technology and isfcs 
applications" from the publication "Sheet Metal ^ 
Industries" ,(May 1995) and in this embodiment the las ®*| 
beam source and the laser mirror arrangement are mounj|g 
on and inside, respectively; the inner beam 10a. 

To ensure that the positions of the welding prob| 
and the laser unit 18, respectively, stay the same^n) 
relation to the joint -edges of the workpieces albn&j ^ 
entire joint, the carriage 15 is connected with tfeo 
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pair of beams 10a and 10b via two guide shoes 19a and 
19b, respectively, said shoes travelling along two beam- 
mounted guide rails 20a and 2 0b, respectively. This ^ 
arrangement produces a rectilinear movement relative to 
5 the machine frame S and the work- table 4. 

During welding, the clamping means 21 and. 22 presS 
the workpieces 2 and 3, respectively, against the workf 
table 4 in the direction towards one another. Each 
clamping means 21 and 22 consists of a triangular 

10 pressure member which via arms 23 and 24, respectively,^ 
are pressed into engagement with the associated workpiece 
2 and 3, respectively, during welding, by means of pres^ 
sure cylinders 2S and 26, respectively. The pressure 
cylinders 25 and 2 6 are connected with the machine frlffirH 

15 5. The clamping means are positioned opposite one anot fig^ 
in pairs along the edges of the joint between the work 
pieces. According to the present embodiment, the distan 
between the centre lines of two neighbouring pairs is 
about 500 mm. 

20 As appears from Figs 3a -and 3b the backing is fdi-^p 1 

in accordance with the first embodiment with a groove 
When the welding apparatus is used for friction stir ^ 
welding operations, see Fig- 3a, the workpieces 2 and 3 
are placed on the backing in such a manner that the jo| 

2 5 between them will not be positioned above the groove. 

This is quite simply due to the fact that in this 
method, the upper face of the backing functions liic^ 
mould that shapes the material that is being plast^^ 
about the joint line. When the welding apparatus 

3 0 for laser welding, see Fig- 3b, the workpieces are^ecj^ 

placed on the backing that ^their edges to be joined 
gether will assume a position straight above the groove. 
This is cjuite simply due to the fact that otherwise the 
workpieces would have been welded to the upper face of 
35 the backing during the laser welding. 

Figs 4a - c, on the other hand, show a two-part 
backing 2 a wherein the upper faces of cue parts 28^fai|g 
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28b, respectively, are plane. In addition, the backing 
parts are movable relative to one another and according 
to precisely this embodiment the left-hand part 2 8b is 
stationarily mounted on the machine table 7 whereas thfe 
right-hand part 28a is movably mounted thereon. In , 
accordance with Fig. 4a, the right-hand part 28a is 
disposed as close as possible to the left-hand part 28if 
and in this position only a narrow air gap exists befewd|g 
the parts. In the following, this position will be re- | 

f erred to as the innermost position. According to Fig ^ 

4b, the right-hand backing part assumes a position as i[3|p 
away as possible from the left-hand backing part, and yj| 
this position will be referred to in the following as % tt*§ 
outermost position. In Fig. 4c, finally, the right-hand 
backing part assumes a position in between the outermost! 
and the innermost positions, and in the following this 
position will be referred to as the middle position. 

When the welding apparatus is to be used for fric-; 
tion stir welding, the joint between the workpieces * 
shall, as pointed out in the aforegoing, be placed fdxMa? 
plane and. ungrooved face, i.e. the gap between the , 
backings should be as small as possible and consequent!^ 
the latter assume their innermost position, see Fig- 4a 
Since some air gap exists between the backing parts also*, 
in this position, the workpiece edges to be joined to- 
gether additionally must be positioned on the same 
backing part 28b also during the friction stir welding 
carried out by means of the welding probe 16. 

When, on the other hand;, the welding apparatus , 
be used for trim milling of the workpieces the fricti| 
stir welding probe is replaced in according with t%*| 
embodiment by a milling tool 2 9 which thus is supp0(fe 
by the friction stir welding head 13. This becomes pcfii 
sible because a friction stir welding head in principle!* 
is configured like a milling head and furthermore pos- 
sesses sufficient motor power and stability to be able 
rotate a milling cool instead of a Miction vreidi 
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probe. In order not to damage the upper face of the 
backing parts, since in the subsequent friction stir ^ 
welding operation this surface is to serve as a weldi *^lfe 
joint mould, the backing parts 2 8a and 28b should in 
5 case be positioned in their outermost position, see Figi 
4b- In this case the milling tool 29 is placed between 
the workpiece edges to be joined together. 

When the welding apparatus is to be used for laserj 
welding, the joint between the workpieces should, as 

10 pointed out previously, be positioned above a medium, s! 
air gap, i.e. the backings should assume their middle | 
position, see Fig. 4c. In this case the laser unit 18 
positioned above the workpiece joint line. In view of 
fact that satisfactory laser welding in principle alwa^^ 

15 requires subjecting the faces to be welded together tol- 
preparatory treatment of the joint, such as trim milling., 
the workpieces in principle will always be milled prio^ 
to the laser welding. In some cases this is true also 
the case of friction stir welding* 

20 As appears from Figs 4b and 4c, the clamping meiangj 

21 and 22 and the backing parts 28a and 28b, respee^, 
tively, assume the same positions relative to the 
workpiece edges to be joined together during both ttltfii 
milling and the laser* welding operations. As workgiec<| 

25 is placed on the movable backing part 28a, this w8rkp£m& 
thus will be moved to the left as seen in the drawing 
figures in order to position the edges to be welded 
together in contact with one another after milling, 
the workpiece 2 is held clamped in the same position 

3 0 during both the milling and the laser welding operating 
i.e. is not displaced relative to its backing part *afre5g 
the trim milling step, the resulting welding joint >^^g 
sesses the highest possible precision qualities- The* 
synchronisation of the backing part 28a and the clan^iSp, 

3 5 means 21 is obtained by mechanical interconnection me^is ^ 
or by means of some other type of synchronising t wP^ z 
mechanism * 
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Fig. 5, finally, illustrates an embodiment accordiaMi 
to which a separate milling head 3 0 is used, which headjp 
is supported by a separate carriage 31 which by weasjjp* 8 
a drive unit, not shown, may be displaced along the>g 
S rails 20a and 20b of the inner pair of beams in the same 
manner as carriage 15, see Fig. 7. ^ 

When the workpieces 2 and 3 are to be welded to- 
gether to produce the product to be manufactured, work- 
pieces are clamped in the welding apparatus 1 by means of 
10 the clamping means 21 and 22. Depending on the quality 
the workpiece edges to be joined together, i.e. on 
whether they possess an acceptable degree of straightnejg 
or not, the workpieces are positioned either in the. ; ^ 
milling position, see Fig. 4b; or in the welding pos-i& 
15 tions according to Figs 4a and 4c. Should the edges be 

deficient, the workpieces therefore are clamped in the t ^ 
milling position in which their edges to be joined ■ 
together abut against the outer face of the milling tool 
29, and in this case the friction stir welding probe 16 
20 is replaced by the milling tool. The milling operation,: 
then started, by rotation of the milling tool at a pre- ^ 
determined speed while at the same time the tool is ™**|| 
at a predetermined speed along the edges to be joined 

together. 'ftj 
25 When the milling has traversed the entire j.oirit| 

the individual milling operation thus is completed, -'4*^ 
pressure cylinders 25 and 26 are activated, allowing##he^ 
workpieces to be released from the clamping means 21 andj 
22, if the workpieces, following the milling operation, ^ 
30 are to be welded together by means of the friction stir f| 
welding technique. By activation of said pressure 
cylinders, the workpieces 2 and 3 may thereafter be 
in the position shown in Fig. 4a. It is likewise possi|g 
to fasten the second workpiece already from Che 
35 such a manner that it may assume the same clamped #>*ij|" 
tion during both the milling "and the friction stir^g"' " 
ing operations, i.e. Eoilowing the milling osfi ^ 
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left-hand pressure cylinder. 26 need be activated for 
release and subsequent clamping of the left workpiece 3*§s 
The milling tool is thereafter exchanged for the frict±|gg 
stir welding probe, which is caused to rotate at a «pre: 
5 determined speed while at the same time being moved along] 
the gap at a predetermined speed. As explained in tSlifcS 
introduction hereto, the .workpiece edges to be joined 
together will be plasticised by the f rictional he?at 
generated in this process while at the same time they 

10 will be pressed against the work-table- After solidifica- 
tion, a homogeneous welded joint is formed, possessing jjjL 
high-strength qualities. When the friction stir weldin g^ 
probe 16 has traversed the entire joint and the indi 
vidual welding operation thus is completed, the pressiuggj 

15 cylinders 25 and 26 are again activated, causing d&l 
activation of the clamping means 21 and 22, wherebj| 
formed product is released. 

If the workpieces are to be welded together by means':, 
of the laser welding technique, there is no need to jatcf# 

2 0 vate the pressure cylinders of the clamping means, when# 

the milling tool has traversed the entire joint and the 
individual milling operation thus is completed, since 
both workpieces are clamped in the same position betweej 
their associated clamping means and backing parts, 
25 respectively, during the milling operation as during 
preceding treatment step. The laser unit 18 of the 
welding head 14 is thereafter placed above the j oi^g#jL ^g 
of the workpieces, whereupon the laser is activated so 
to fuse the joint edges together by supply of lasexyp 

3 0 light. When the laser unit 16 has traversed the eriM*re 

joint and the individual welding operation thus is com- 
pleted, the pressure cylinders 25 and 26 are activated, 
causing deactivation of the clamping means 21 and 22, 
whereby the formed product *is released. 
3 5 If the desired product is to comprise more than tig! 

workpieces it may be necessary to mill between each *Vte|ISC 
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ing operation in order to produce a high-quality end. 
product . 

It should he appreciated that the invention is not 
limited to the above embodiments but that numerous modi 
5 fications axe possible within the scope of the apptendedB 
claims. For example, the welding probe may be exhangeai^ 
for the milling tool automatically instead of manually: 
with the aid of a tool switching device. For example^ 
when a separate milling head is used, it is still pos- 

10 sible under certain circumstances to exchange the ^; 

friction stir welding probe 16 of the friction sti#*0 
welding head 13 for a milling tool, so that milling uiay 
be performed prior to as well as after an individual 
laser welding operation. The separate milling head coul| 

15 of course be positioned upstream from the welding unit 
seen in the direction of welding together of the workr 
pieces instead of downstrem therefrom, as illustrated 
Fig. 5. In the event the welding apparatus 1 is to bev; 
used mostly for fricton stir welding operations, at ^ 

20 separate milling head suitably is used, said head b^gi 
positioned upstream- from the,, friction stir welding 
Instead of arranging the friction stir welding head and* 
the laser welding head on a common carriage, each head 
may be arranged on a separate carriage, a feature which 

25 increases the versatility of the welding apparatus. 






